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4.2 CALIBRATION AND VERIFICATION OF THE EVERGLADES AND THE 
LOWER EAST COAST 

 
This section presents the results of the calibration and verification for the gridded model domain 
outside of the Everglades Agricultural Area (EAA) including: the Water Conservation Areas 
(WCAs), the Big Cypress National Preserve (BCNP), Everglades National Park (ENP), the 
Holey Land and Rotenberger Wildlife Management Areas, and the Lower East Coast Service 
Areas (LECSAs).  
 
4.2.1 Methodology 
 
The primary goal of the SFWMM calibration and verification procedure for the majority of the 
model domain (LEC, WCAs, ENP, and BCNP) was to determine appropriate values for the 
many physically based parameters used by the model in order to ensure that the tool can 
reproduce the historically observed response of the South Florida system. In order to achieve this 
goal, historical water level observations from a network of ground and surface water monitoring 
locations maintained by the South Florida Water Management District (SFWMD or District) and 
the U.S. Geological Survey (USGS) were used to make stage comparisons during calibration 
(Figure 4.2.1.1). Simulation was performed on a daily basis and simulated water levels were 
compared with historical data on a daily basis for marsh or groundwater gage locations and on an 
average weekly basis for canal locations. Since the primary goal of calibration was to determine 
physical, not operational parameters, matching to structural flow was not considered in the 
determination of calibration parameters. A breakdown of the most significant parameters refined 
or determined by the calibration procedure is given below. 
 

1. Lower East Coast 
a. Canal parameters 

i. Channel - aquifer hydraulic conductivity coefficient [CHHC in Equation 
(2.5.2.1)] 

ii. Surface water - channel interaction [ N in Section 2.6] 
iii. Coefficients for operation of outlet structures 

b. Detention depths (refer to Section 2.4) 
c. ET coefficients (KVEG, DSRZ, DDRZ in Section 2.3) 

2. Everglades (WCAs, ENP and BCNP) 
a. ET coefficients (KVEG, DSRZ, DDRZ in Section 2.3) 
b. Effective roughness N (N = Ahb for overland flow; mainly A is adjusted) 
c. Levee seepage rate coefficients [β0, β1, β2 in Equation (2.5.3.1)] 
d. Detention depths (refer to Section 2.4) 
e. Canal parameters (refer to Sections 2.5 and 2.6) 

 
Because the period of record available for modeling spans 36 years, the record could be divided 
into periods for both calibration and verification. The period used for calibration was from 
January 1, 1984, to December 31, 1995. Due to operational and structural changes in the Central 
and South Florida Flood Control (C&SF) Project around 1990, the calibration period was further 
broken into two sub periods: 1984 to 1990 (using operations for the 1980's) and 1991 to 1995 
(with operations for the 1990's). The verification record spanned two time periods:  January 1, 
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1981, to December 31, 1983; and January 1, 1996, to December 31, 2000. Determining periods 
when few system changes occurred and where hydrologic variability was well represented were 
important considerations in addition to the normal concerns for data integrity. In the earlier years 
of the calibration/verification period, the operations of water control structures may have 
involved some field-level decision-making. During the later years, in contrast, decision-making 
was fully centralized, which in turn followed operating manuals more closely. 
 
To help account for variation in operation practices, as a general rule, available time series of 
historical structure flows were input to the model as internal boundary conditions between 
different hydrologic basins. The use of historical flows as internal boundary conditions at 
structures (instead of simulated flow through those structures) allowed physically based 
processes to be calibrated without being affected by possible changes to operating practices over 
time. In general, the flow records at many of the structures throughout the system were complete 
with high quality data. In some cases, particularly in some Lower East canals, internal structures 
were simulated rather than imposed during the calibration and verification periods. This practice 
was applied only where historical data was sparse and/or not available, where the quality of the 
data was poor or where the model representation of the contributing runoff basin was 
significantly different than what was in the field due to issues of scale. For many of these flow 
locations, as shown in Figure 4.2.1.2, reasonability checks are made on monthly, seasonal and 
annual bases to verify simulated flows against available historical data. These checks were not 
used in helping to determine calibrated parameters, but rather led to changes in the structural 
operational assumptions used for the calibration and verification runs.  
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Figure 4.2.1.1  Location of Stage Calibration and Verification Sites  
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Figure 4.2.1.2  Locations of Flow Validation Sites 
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Calibration Procedure 
 
Calibration was performed in an iterative fashion: (1) simulated stages were compared with 
historical stages at selected monitoring points and simulated flows were compared with historical 
flows at selected control structures; (2) appropriate calibration parameters were modified in order 
to make simulated values match historical values more closely; (3) the model was rerun with the 
revised parameters; and (4) steps 1 through 3 were repeated until an acceptable match between 
simulated and historical values was obtained. 
 
The general guidelines used in calibrating the model were discussed in Section 4.1. Additional 
guidelines specific to the Everglades/LEC region are listed below. 

1. The calibration period covered historical data consistent with a relatively static network 
of canals and water control structures, and constant structure operating rules. 

2. Local parameters such as canal properties and cell-based data were adjusted before 
regional parameters were adjusted. Regional parameters such as land use type have 
influence over a greater area. This procedure was followed to minimize the undesirable 
effect of the calibration getting better in some areas but negatively affecting other areas in 
the model domain. 

3. The ET-Recharge model was re-run for several snapshots of land use. The 1988 FLUCCS 
land use coverage was used as input to the ET-Recharge model for the 1984-1995 
calibration period and the 1981-1983 verification period. The 2000 FLUCCS coverage 
was used for the 1995-2000 verification period. 

4. It was shown (Trimble, 1995a) that canals heavily influence groundwater levels within 
their immediate proximity. The monitoring point closest to the canal, assuming that 
several observation points exist within the cell where the canal is located, is given 
priority for the stage matching. This allows for a better representation of the canal-
groundwater interaction. 

 
In order to determine the “acceptability” of a calibration run, many statistical measures and 
individual time series plots were used to help assess model performance. These will be 
shown in more detail in Section 4.2.2. In addition to comparing seasonal and annual sums 
and means, the following statistical measures and their corresponding ranges were used to 
evaluate the status of the calibration after each parameter change. 
 
Coefficient of determination or correlation coefficient, R2: 
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Root mean square error, rmse: 
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Bias: 
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Nash-Sutcliffe Efficiency: 
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where:   
 n  = number of data points 
 xi  = observed data point 
 xm  = mean of observed data points 
 ix̂  = simulated data point 
 mx̂  = mean of simulated data points 
 
The Nash-Sutcliffe Efficiency can also be expressed as: 
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where the standard deviation for the historical ( xS ) and estimated ( xS ˆ ) data are:  
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All comparisons using the above statistical measures were performed by limiting the number of 
data points by the size of available historical data. In other words, simulated data with no 
corresponding historical data were not considered in the statistical calculations. As a result, 
statistics generated from different sample sizes (varying from less than 100 to over 4000) were 
considered. 
 
When comparing historical data with simulated values, several factors beyond the statistical 
matches were also considered. As a general rule, good engineering judgment must be used to 
supplement the information provided by the calibration statistics and plots. These included the 
following: 

1. Exact matching of historical data may not be desirable in some cells during the 
calibration process. The simulated stage represents the average water level computed for 
a 4 square mile area. Comparing historical stage, a point measurement, against simulated 
stage, an estimated areal average, is a source of discrepancy in itself. As an example, if 
there is significant well pumpage in close proximity to the gage, the observed data can be 
strongly influenced; whereas the average effect of the well pumpage (over 4 square 
miles) can be fairly minimal. Similarly, a gage located next to a canal would show more 
variability in measured values than an average stage from a 4-square-mile cell, although 
in other cases it may be more desirable to use such a gage to better represent the canal-
groundwater interaction. 

2. The spatial resolution of the model, 2-miles by 2-miles, is too coarse for modeling local 
phenomena such as wellfield drawdowns and levee seepage. 

3. The time resolution of the model, 1 day, may not always satisfy certain assumptions in 
the model. For example, in the overland flow subroutine, in order to maintain stability in 
the solution procedure, volume constraints during some simulation days may override the 
assumption that overland flow is a diffusion type process. 

4. The scale of the model must also be considered in making stage comparisons in canals. 
The mean simulated stage over a two mile (or longer) reach may not be directly 
comparable to a point measurement on the canal just upstream of a water control 
structure. 

5. When interpreting how well the model is matching the observed data, considerations 
must be given for the accuracy of the observed data. In some cases, observed data are 
known to reflect deviations from normal operating policy, such as pre-storm drawdowns, 
and would therefore not match the predicted values by the model. The model has time-
varying rules of operation only for outlet structures of reaches with daily variation in 
simulated canal slope (dynamic canal slope option), where the criteria vary from normal 
condition to flood condition depending on antecedent rain. In some cases, the observed 
data was considered to be generally reliable, but suspect for a specific time period (based 
on comparisons with neighboring gages and hydro-meteorological responses).  

 
As previously stated, the iterative calibration procedure was followed with consideration for the 
many statistical, graphical and anecdotal metrics refining model parameters for the local to 
regional scale. Once little or no improvement in history matching was observed with additional 
changes in parameters, the calibration effort was deemed complete. The next section discusses 
the results of the SFWMM v5.4 calibration and verification.  With minor changes, v5.4 will 
become v5.5. 



 248

 
4.2.2 Calibration and Verification Results 
 
Table 4.2.2.1 shows the calibration and verification statistics for the WCAs, the ENP, BCNP, 
Holey Land and Rotenberger WMAs, and the LECSAs. Because the full set of maps and figures 
showing the time series data at individual sites is so large, the maps and figures are provided in 
Appendix C. Examples of time series graphics are illustrated in Figures 4.2.2.1 and 4.2.2.2. 
When interpreting how well the model is matching the observed data, considerations must be 
given for the many issues of scale and data accuracy as outlined in the previous section. From 
Table 4.2.2.1, the following observations can be made: 

1.   WCA-1. One canal site and three marsh sites were available for comparisons with 
observed data; the sampling size for both calibration and verification was good. The R2 
values ranged from 0.7 - 0.8. The bias was about 0.1 ft or less, except at one site where 
the bias was 0.2+ ft.  

2. WCA-2A. There were six marsh stations and one canal station used for comparisons. The 
calibration sampling size ranged from 400 to 4,000 values. The verification sampling size 
ranged from about 1,500 to 2,900 values. The R2 values for calibration were generally in 
the 0.7 to 0.9 range with the verification R2 values were about 0.6 and ranging from 0.3 - 
0.7. The calibration and verification bias were generally less than 0.2 ft. 

3. WCA-2B. There were two marsh stations used for comparisons. The calibration and 
verification records were good. The R2 values range from 0.7 - 0.8. Calibration bias 
averaged about 0.1 ft and the verification bias was about 0.3 ft.  

4. WCA-3A. There were fifteen marsh stations and five canal stations used for comparisons. 
In both cases the sampling records were good. In the marsh stations, calibration and 
verification R2 values range from 0.8 - 0.9 generally. In the marsh calibration, the bias 
range from less than 0.1 to one station being high at about 0.7 ft. The verification bias 
ranges from 0.1 - 0.2 ft, again with the same one station having a high bias of 0.9 ft. For 
the canal gages, the R2 values range from 0.8 - 0.9 and the bias range from less than 0.1 - 
0.2 ft, generally speaking. 

5. WCA-3B. There were five marsh stations used for comparisons. Sampling period was 
good at all but one station. For the calibration, R2 values range from 0.4 - 0.8, and the 
verification R2 values range from 0.6 - 0.8. Calibration bias was generally less than 0.1 
feet with one station being 0.3 ft. The verification bias ranged from 0.1 - 0.3 ft. 

6. ENP. There were 34 marsh stations, 4 well stations and 1 canal site used for comparisons. 
They were generally good sampling sizes at all but five stations. Generally, the R2 values 
range from 0.8 - 0.9 with the lowest being about 0.4. The bias stations were generally in 
the range of 0.1 - 0.3 ft.  

7. BCNP. Seventeen marsh stations were used for comparisons. Five had good sample sizes, 
two were poor and the rest had fair sampling sizes. The R2 values for calibration ranged 
from 0.4 - 0.9; verification R2 values, being a little less, ranged from 0.4 - 0.8. The bias 
generally ranged from less than 0.2 ft up to 0.7 ft; only one station was high.  

8. NPBSA. There were five well sites and two canal sites used for comparisons; four had 
good records and three had poor records for sampling size. Calibration R2 values range 
from about 0.3 - 0.6, and the R2 values for verification range from 0.5 - 0.7. Only one 
canal station had very poor R2 readings. The bias generally ranged from 0.1 up to 1.0 ft.  

9. LEC-SA1. There were two marsh stations, fourteen well stations and three canal stations 
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used for comparisons. Twelve sampling records were good. The R2 values generally 
ranged from 0.4 - 0.7 and twelve stations had generally less than 0.2 ft bias with one site 
up to 0.6 ft for the calibration period. For the verification period, nine stations had less 
than 0.2 ft with a range up to 1.0 ft.  

10. LEC-SA2. There were 29 well sites and 11 canal sites used for comparisons. The period 
of record was generally good with very few exceptions. For well sites, the R2 values 
range from about 0.0 - 0.8. For canal sites, the calibration R2 values ranged from 0.0 - 
0.6; verification R2 ranged from 0.2 - 0.7. The bias in all cases was generally less than 0.2 
ft. 

11. LEC-SA3. There were 7 marsh stations, 35 well stations and 20 canal stations used for 
comparisons. There was a good sampling size at all sites. For the well and marsh stations, 
the R2 values generally varied from 0.6 - 0.8 both in calibration and verification. For the 
canal sites, the R2 values generally ranged from 0.2 - 0.8 for calibration and from 0.1 - 
0.8 for verification. In all cases, the bias was generally less than 0.2 ft with many stations 
being less than 0.1 ft.  

 
General Observations 
 
Figure 4.2.2.3 displays the calibration correlation values for the stage locations. Figure 4.2.2.4 
displays the verification correlation values for the stage locations. Green symbols denote a good 
correlation (0.61 - 1.00). Figure 4.2.2.5 displays the calibration bias for the stage locations. 
Figure 4.2.2.6 displays the verification bias for the stage locations. The darker green symbols 
denote an acceptable bias (within +0.5 feet of observed). Sign convention (positive or negative) 
of the bias value is also denoted inside the symbols in gage locations shown in the maps. The 
following general observations can be made from Figures 4.2.2.3 through 4.2.2.6: 

1. The marsh areas tend to have higher R2 values, generally in the 0.8 - 0.9 range, while the 
groundwater well sites in developed areas had lower R2 values, generally ranging from 
0.4 - 0.7.  

2. With some exceptions, the bias was relatively small (generally less than 0.2 ft), with 
many values being less than 0.1 ft. The small bias occurred in marsh areas, both in the 
natural areas (undeveloped) and developed areas.  

3. In the developed areas, the canals generally had poor R2 values compared to well sites or 
marsh sites.  

4. The R2 values for the marsh sites in the developed areas (0.5 - 0.8 range) were not as 
good as the marsh areas in the natural areas. 

 
The following comments are based on a review of the figures presented in Appendix C: 

1. With few exceptions, the natural marsh areas have predicted hydrographs that correlate 
well with observed hydropatterns.  

2. The observed data for the LEC canals have greater variability than the predicted patterns. 
The lower stages may be due to pre-storm drawdowns, while the greater overall 
variability may be due to the highly managed operations.  

3. The observed data in the LEC marsh and well sites correlated well with predicted 
hydropatterns. 

4. Although flow comparisons were not used to refine model calibration parameters, the 
monthly flow predictions at structures did match observed data reasonably well. 



  

 
Table 4.2.2.1  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs  



  

 
Table 4.2.2.1 (cont.)  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs 



  

 
Table 4.2.2.1 (cont.)  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs. The yellow highlights indicate LEC Cutback Trigger Locations. 



  

 
Table 4.2.2.1 (cont.)  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs. The yellow highlights indicate LEC Cutback Trigger Locations. 



  

 
Table 4.2.2.1 (cont.)  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs. The yellow highlights indicate LEC Cutback Trigger Locations. 



  

 
Table 4.2.2.1 (cont.)  Calibration and Verification Statistics for the WCAs, ENP, BCNP, Holey Land and Rotenberger Water Management 

Areas, and the LECSAs.  
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Figure 4.2.2.1  Example Time Series Figures for Water Level Calibration and Verification 
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Figure 4.2.2.2  Example Time Series Figures for Flow Validation  

(Used Only as a Reasonability Check)  
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Figure 4.2.2.3  Calibration Correlation 
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Figure 4.2.2.4  Verification Correlation 
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Figure 4.2.2.5  Calibration Bias 
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Figure 4.2.2.6  Verification Bias 
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